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Supplementary Discussions
Nanolaser fabrication
A. Single-crystalline Al films epitaxy:
The single-crystalline Al films were grown on a GaAs (100) substrate by Varian Gen II solid-source molecular beam epitaxy system (MBE). We first grew a 200-nmthick undoped GaAs buffer layer serve as the template for the following Al growth. The surface was turned from As-rich into Ga-rich before cooling down to room temperature.
The wafer was then kept in the ultra-high vacuum chamber to prevent the surface from oxidation. When the residual arsenic pressure was pumped down to less than 1x10 -10 torr, a 100-nm-thick Al layer was grown at ~ 0 °C with a growth rate of 0.05 nm/s.
B. Poly-crystalline Al films evaporation:
The poly-crystalline Al films were evaporated on the GaAs (100) substrate by an e-gun evaporator. Before the GaAs substrate was loaded into the evaporator chamber, a de-oxidation process using HCl etching solution was performed to remove the native oxide on the GaAs surface. After the standard clean process, the GaAs substrate had been loading in to the electron-gun chamber immediately. As the chamber pressure was less than torr, we evaporated a 100-nm-thick Al film at room temperature with an evaporation rate of 0.3 nm/s. 
Complex dielectric constants extraction for the two Al films
The optical properties such as absorption, refraction and transmission of material can be described by its complex dielectric constants. As shown in Figure 3 
where and are the plasmon resonance frequency of Al and Lorentz model resonance frequency, respectively. is the angular frequency of the incident light.
is the background permittivity. and are the damping coefficients in Drude and Lorentz models, respectively. The refractive index n and κ can then be obtained accordingly by the following relations.
(2)
And the reflectivity (R) can be calculated from Eqs. (2) and (3) with .
By using Eq. (4), we fitted the whole spectrum range of Figure 3 (c) in the main text.
The fitting parameters and their values are listed in Table S1 . Table S1 . Drude-Lorentz fitting parameters of SC-Al and PC-Al films.
The fitting results are plotted in Figure S1 . Figure S1 [S1] as a function of wavelength.
Nanolaser numerical simulation
We used the commercial software COMSOL, the mode solver of the finiteelement method (FEM) package, to find the eigenmodes of the ZnO plasmonic 8 nanolasers. The surface plasmon propagation length Lp, describing how long the surface plasmon mode can propagate, is determined with the imaginary part of the modal propagation constant kz as 4, 5, 6, 7 . The waveguide confinement factor is defined as the ratio of the modal gain to the material gain in the active region, expressed as , where Pz is the power flow in the propagation direction; na is the refractive index of the gain medium; Aa is the cross-section area of the gain medium; and 0 is the intrinsic impedance. 4 . In MOS nanolasers, the thickness of spacer oxide layer is a critical parameter. Figure S3 
Experimental results of nanolasers with SiO 2 spacer layer
Figure S4 . The inset shows that, below the lasing threshold, a broad emission spectrum of the 1.24-μm-long ZnO nanowire was observed. A clear lasing peak at 368 nm with the linewidth narrowing down to 0.8 nm was seen above threshold.
Owing to the rough surface morphology, the SPs suffer serious extrinsic scattering loss and intrinsic ohmic damping loss. Even more importantly, the rough surface could 11 drastically reduce the coupling efficiency between the excitons and SPs so a very high threshold power density was obtained. Figure S3 shows the fluctuated spontaneous and lasing spectra with two obvious lasing peaks at 369 and 371 nm. The integrated emission intensity suggests a lasing threshold power density of 10.5 mJ cm -2 , which is about 5-fold smaller than ZnO nanowire lying on the PC-Al/SiO2 template. 
